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Ȼɭɪɞɨ�Ɉ�Ƚ., ɞ�ɪ�ɬɟɯɧ. ɧɚɭɤ, ɩɪɨɮɟɫɫɨɪ 
Ɉɞɟɫɫɤɚɹ�ɧɚɰɢɨɧɚɥɶɧɚɹ�ɚɤɚɞɟɦɢɹ�ɩɢɳɟɜɵɯ�ɬɟɯɧɨɥɨɝɢɣ 

ɆȿɏȺɇɈȾɂɎɎɍɁɂɈɇɇɕɃ�ɗɎɎȿɄɌ�ɆȺɋɋɈɉȿɊȿɇɈɋȺ�ɉɊɂ 
ɗɄɋɌɊȺȽɂɊɈȼȺɇɂɂ�ȼ�ɗɅȿɄɌɊɈɆȺȽɇɂɌɇɈɆ�ɉɈɅȿ 

ɉɪɟɞɫɬɚɜɥɟɧɵ� ɪɟɡɭɥɶɬɚɬɵ� ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ� ɢɫɫɥɟɞɨɜɚɧɢɣ 
ɩɪɨɰɟɫɫɨɜ�ɷɤɫɬɪɚɝɢɪɨɜɚɧɢɹ�ɢɡ�ɪɚɫɬɢɬɟɥɶɧɨɝɨ�ɫɵɪɶɹ�ɜ�ɭɫɥɨɜɢɹɯ�ɦɢɤɪɨ-
ɜɨɥɧɨɜɨɝɨ�ɩɨɥɹ. ɉɨɤɚɡɚɧɨ, ɱɬɨ�ɭɧɢɤɚɥɶɧɵɟ�ɪɟɡɭɥɶɬɚɬɵ, ɫɩɟɰɢɮɢɤɚ�ɩɨ-
ɥɭɱɟɧɧɨɝɨ� ɩɪɨɞɭɤɬɚ� ɧɢɤɚɤ� ɧɟ� ɨɛɴɹɫɧɹɸɬɫɹ� ɫ� ɩɨɡɢɰɢɣ� ɤɥɚɫɫɢɱɟɫɤɨɣ 
ɬɟɨɪɢɢ� ɦɚɫɫɨɩɟɪɟɧɨɫɚ� ɩɪɢ� ɷɤɫɬɪɚɝɢɪɨɜɚɧɢɢ. Ɉɛɧɚɪɭɠɟɧɧɨɟ� ɹɜɥɟɧɢɟ 
ɧɚɡɜɚɧɨ «ɦɟɯɚɧɨɞɢɮɮɭɡɢɨɧɧɵɣ�ɷɮɮɟɤɬ�ɩɪɢ�ɛɟɡɝɪɚɞɢɟɧɬɧɨɦ�ɜɨɥɧɨɜɨɦ 
ɩɨɞɜɨɞɟ�ɷɧɟɪɝɢɢ�ɤ�ɩɨɥɹɪɧɵɦ�ɦɨɥɟɤɭɥɚɦ�ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɵɦ�ɩɨɥɟɦ». ɋ 
ɩɨɡɢɰɢɣ� ɧɚɧɨɬɟɯɧɨɥɨɝɢɣ� ɞɚɧɨ� ɨɛɴɹɫɧɟɧɢɟ� ɩɨɥɭɱɟɧɧɵɯ� ɪɟɡɭɥɶɬɚɬɨɜ. 
ɉɪɢɜɟɞɟɧɵ�ɩɪɢɦɟɪɵ�ɢɫɩɨɥɶɡɨɜɚɧɢɹ�ɪɚɫɫɦɨɬɪɟɧɧɨɝɨ� ɷɮɮɟɤɬɚ�ɜ�ɩɢɳɟ-
ɜɵɯ�ɬɟɯɧɨɥɨɝɢɹɯ. 

Ʉɥɸɱɟɜɵɟ�ɫɥɨɜɚ:�ɩɢɳɟɜɵɟ�ɧɚɧɨɬɟɯɧɨɥɨɝɢɢ, ɦɚɫɫɨɩɟɪɟɧɨɫ, ɦɟ-
ɯɚɧɨɞɢɮɮɭɡɢɨɧɧɵɣ�ɷɮɮɟɤɬ, ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɟ�ɩɨɥɟ. 

The results of experimental researches of the vegetable raw material 
extraction processes in microwave field conditions are presented. It is shown 
that unique results and the obtained product specificity can not be explained 
by the classical extraction mass carry theory positions. Discovered phenome-
non is called “mechanodiffusion effect of gradientless wave energy supply to 
polar molecules by electromagnetic field”. The explanation of obtained re-
sults are given from nanotechnologies positions. The examples of using the 
considered effect in food technologies are presented. 

Keywords: food nanotechnologies, mass transfer, mechanodiffusion 
effect, electromagnetic field. 

ɉɪɨɰɟɫɫɵ� ɷɤɫɬɪɚɝɢɪɨɜɚɧɢɹ� ɜ� ɫɨɜɪɟɦɟɧɧɵɯ 
ɩɢɳɟɜɵɯ�ɬɟɯɧɨɥɨɝɢɹɯ�ɩɪɨɢɡɜɨɞɫɬɜɚ�ɫɚɯɚɪɚ, ɦɚɫɟɥ, 
ɪɚɫɬɜɨɪɢɦɨɝɨ� ɤɨɮɟ, ɤɨɧɶɹɱɧɵɯ� ɫɩɢɪɬɨɜ� ɹɜɥɹɸɬɫɹ 
ɤɥɸɱɟɜɵɦɢ, ɨɩɪɟɞɟɥɹɸɳɢɦɢ� ɤɚɤ� ɤɚɱɟɫɬɜɨ, ɬɚɤ� ɢ 
ɷɤɨɧɨɦɢɱɟɫɤɢɟ� ɩɨɤɚɡɚɬɟɥɢ� ɩɪɟɞɩɪɢɹɬɢɹ. Ɉɞɧɚɤɨ, 
ɤɚɤ� ɩɪɚɜɢɥɨ, ɷɬɨ� ɞɨɫɬɚɬɨɱɧɨ� ɬɪɭɞɨɟɦɤɢɟ� ɢ� ɧɢɡɤɨ-
ɷɮɮɟɤɬɢɜɧɵɟ� ɩɪɨɰɟɫɫɵ. ɉɪɨɜɟɞɟɧɧɵɟ� ɜ� ɈɇȺɉɌ 
ɢɫɫɥɟɞɨɜɚɧɢɹ [1…5] ɩɨɤɚɡɚɥɢ, ɱɬɨ� ɢɫɩɨɥɶɡɨɜɚɧɢɟ 
ɩɪɢɧɰɢɩɨɜ� ɧɚɧɨɬɟɯɧɨɥɨɝɢɣ (ɇɌ) ɩɨɡɜɨɥɢɬ� ɫɭɳɟ-
ɫɬɜɟɧɧɨ� ɢɧɬɟɧɫɢɮɢɰɢɪɨɜɚɬɶ� ɩɪɨɰɟɫɫ� ɷɤɫɬɪɚɝɢɪɨ-
ɜɚɧɢɹ�ɡɚ�ɫɱɟɬ�ɷɮɮɟɤɬɚ�ɤɨɦɛɢɧɢɪɨɜɚɧɧɨɝɨ�ɷɥɟɤɬɪɨ-
ɮɢɡɢɱɟɫɤɨɝɨ�ɜɨɡɞɟɣɫɬɜɢɹ�ɢɦɩɭɥɶɫɧɵɦ�ɷɥɟɤɬɪɨɦɚɝ-
ɧɢɬɧɵɦ� ɩɨɥɟɦ (ɂɗɆɉ).  ɉɪɢ� ɷɬɨɦ� ɤɥɚɫɫɢɱɟɫɤɢɟ 
ɩɪɟɞɫɬɚɜɥɟɧɢɹ� ɩɪɨɰɟɫɫɨɜ� ɷɤɫɬɪɚɝɢɪɨɜɚɧɢɹ [6…9] 
ɧɟ� ɨɛɴɹɫɧɹɸɬ� ɪɟɡɭɥɶɬɚɬɵ, ɩɨɥɭɱɟɧɧɵɟ� ɩɪɢ� ɷɤɫɩɟ-
ɪɢɦɟɧɬɚɥɶɧɨɦ�ɦɨɞɟɥɢɪɨɜɚɧɢɢ. 

ɉɪɨɰɟɫɫɵ�ɷɤɫɬɪɚɝɢɪɨɜɚɧɢɹ�ɜ�ɩɢɳɟɜɵɯ�ɬɟɯɧɨ-
ɥɨɝɢɹɯ� ɩɪɨɞɨɥɠɢɬɟɥɶɧɵ, ɷɧɟɪɝɨɟɦɤɢ. Ɍɟɯɧɨɥɨɝɢɢ 
ɩɪɨɢɡɜɨɞɫɬɜɚ� ɤɨɧɶɹɱɧɵɯ� ɫɩɢɪɬɨɜ� ɬɪɟɛɭɸɬ� ɦɧɨɝɨ-
ɥɟɬɧɟɣ�ɜɵɞɟɪɠɤɢ [1, 2], ɩɪɢ�ɷɤɫɬɪɚɝɢɪɨɜɚɧɢɢ�ɢɡ�ɡɟ-
ɪɟɧ� ɤɨɮɟ� ɢɫɩɨɥɶɡɭɸɬɫɹ� ɜɵɫɨɤɢɟ� ɞɚɜɥɟɧɢɹ� ɜ� ɚɩɩɚ-
ɪɚɬɟ [1, 3, 4]. Ɍɟɯɧɨɥɨɝɢɢ�ɢɡɜɥɟɱɟɧɢɹ�ɦɚɫɥɚ�ɢɡ�ɪɚɫ-
ɬɢɬɟɥɶɧɨɝɨ� ɫɵɪɶɹ, ɜ� ɱɚɫɬɧɨɫɬɢ� ɢɡ� ɡɟɪɟɧ� ɚɦɚɪɚɧɬɚ, 
ɧɟ� ɨɬɜɟɱɚɸɬ� ɫɨɜɪɟɦɟɧɧɵɦ� ɬɪɟɛɨɜɚɧɢɹɦ� ɩɨ� ɛɟɡ-
ɨɩɚɫɧɨɫɬɢ� ɩɪɨɞɭɤɬɨɜ [5]. ɉɪɢ� ɷɤɫɬɪɚɝɢɪɨɜɚɧɢɢ� ɯɥɚɞɨ-
ɧɚɦɢ� ɩɪɢ� ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɢɯ� ɞɚɜɥɟɧɢɹɯ� ɬɪɟɛɭɟɬɫɹ� ɝɪɨ-
ɦɨɡɞɤɨɟ� ɨɛɨɪɭɞɨɜɚɧɢɟ, ɝɟɤɫɚɧɨɜɵɟ� ɬɟɯɧɨɥɨɝɢɢ� ɜɡɪɵɜɨ-

ɨɩɚɫɧɵ�ɢ�ɧɟ�ɨɛɟɫɩɟɱɢɜɚɸɬ�ɪɚɫɬɭɳɢɯ�ɬɪɟɛɨɜɚɧɢɣ�ɷɤɨɥɨ-
ɝɢɱɟɫɤɨɣ�ɛɟɡɨɩɚɫɧɨɫɬɢ�ɦɚɫɥɚ. 

ɐɟɥɶ�ɪɚɛɨɬɵ – ɪɚɡɪɚɛɨɬɚɬɶ�ɦɟɬɨɞɵ�ɩɨɥɭɱɟɧɢɹ�ɷɤɨ-
ɥɨɝɢɱɟɫɤɢ� ɛɟɡɨɩɚɫɧɵɯ� ɷɤɫɬɪɚɤɬɨɜ� ɫ� ɜɵɫɨɤɢɦ� ɫɨɞɟɪɠɚ-
ɧɢɟɦ�ɰɟɧɧɵɯ� ɤɨɦɩɨɧɟɧɬɨɜ (ɫɤɜɚɥɟɧ, ɬɨɤɨɮɟɪɨɥɨɜ, ɜɤɭ-
ɫɨɜɵɯ�ɢ�ɚɪɨɦɚɬɢɱɟɫɤɢɯ�ɤɨɦɩɥɟɤɫɨɜ�ɢ�ɩɪ.) ɩɪɢ�ɫɧɢɠɟɧɢɢ 
ɭɪɨɜɧɹ� ɷɧɟɪɝɟɬɢɱɟɫɤɨɝɨ� ɜɨɡɞɟɣɫɬɜɢɹ, ɷɧɟɪɝɨɟɦɤɨɫɬɢ, 
ɭɩɪɨɳɟɧɢɢ�ɤɨɧɫɬɪɭɤɰɢɢ�ɚɩɩɚɪɚɬɨɜ�ɢ� ɭɦɟɧɶɲɟɧɢɢ�ɩɪɨ-
ɞɨɥɠɢɬɟɥɶɧɨɫɬɢ�ɩɪɨɰɟɫɫɚ�ɷɤɫɬɪɚɝɢɪɨɜɚɧɢɹ.  

Ɉɱɟɜɢɞɧɵ�ɧɚɭɱɧɨ�ɬɟɯɧɢɱɟɫɤɢɟ�ɩɪɨɬɢɜɨɪɟɱɢɹ�ɦɟɠ-
ɞɭ�ɪɚɫɬɭɳɢɦɢ�ɬɪɟɛɨɜɚɧɢɹɦɢ�ɤ�ɤɚɱɟɫɬɜɭ�ɩɪɨɞɭɤɬɚ, ɷɧɟɪ-
ɝɨɟɦɤɨɫɬɢ� ɟɝɨ� ɩɪɨɢɡɜɨɞɫɬɜɚ� ɢ� ɬɟɯɧɢɤɨɣ� ɷɤɫɬɪɚɝɢɪɨɜɚ-
ɧɢɹ. ȼɵɞɜɢɝɚɟɬɫɹ� ɝɢɩɨɬɟɡɚ, ɱɬɨ�ɪɟɲɟɧɢɟ� ɷɬɢɯ� ɩɪɨɬɢɜɨ-
ɪɟɱɢɣ�ɥɟɠɢɬ�ɜ�ɩɥɨɫɤɨɫɬɢ�ɩɨɢɫɤɚ�ɧɨɜɵɯ�ɩɪɢɧɰɢɩɨɜ�ɨɪɝɚ-
ɧɢɡɚɰɢɢ�ɦɚɫɫɨɨɛɦɟɧɧɵɯ�ɩɪɨɰɟɫɫɨɜ, ɢɫɩɨɥɶɡɨɜɚɧɢɢ�ɭɧɢ-
ɤɚɥɶɧɵɯ� ɜɨɡɦɨɠɧɨɫɬɟɣ� ɤɨɦɛɢɧɢɪɨɜɚɧɧɵɯ� ɜɥɢɹɧɢɣ� ɧɚ 
ɩɪɨɰɟɫɫɵ� ɩɟɪɟɧɨɫɚ, ɮɨɪɦɢɪɨɜɚɧɢɢ� ɫɥɨɠɧɵɯ� ɤɨɦɛɢɧɚ-
ɰɢɣ� ɞɜɢɠɭɳɢɯ� ɫɢɥ� ɧɚɩɪɚɜɥɟɧɧɵɯ� ɧɚ� ɷɮɮɟɤɬɢɜɧɨɟ� ɢɡ-
ɜɥɟɱɟɧɢɟ�ɰɟɥɟɜɵɯ�ɤɨɦɩɨɧɟɧɬ�ɬɨɜ�ɢɡ�ɫɵɪɶɹ. 

Ɍɚɛɥɢɰɚ 1  
ɋɨɩɨɫɬɚɜɥɟɧɢɟ�ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ�ɮɚɤɬɨɜ�ɩɪɢ  
ɷɤɫɬɪɚɝɢɪɨɜɚɧɢɢ�ɫ�ɥɢɬɟɪɚɬɭɪɧɵɦɢ�ɞɚɧɧɵɦɢ 

ʋ ɋɢɫɬɟɦɚ ɋɜɟɞɟɧɢɹ�ɨ 
ɩɚɪɚɦɟɬɪɚɯ 
ɩɪɨɰɟɫɫɚ 

Ɏɚɤɬɵ�ɜ�ɭɫɥɨɜɢɹɯ 
ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɝɨ 

ɩɨɥɹ 
1 «Ⱦɪɟɜɟɫɢɧɚ – ɜɨɞ-

ɧɨ�ɫɩɢɪɬɨɜɵɟ  
ɪɚɫɬɜɨɪɵ» 

ȼ�ɪɚɫɬɜɨɪ 
ɩɟɪɟɯɨɞɢɬ�ɞɨ 
46% ɞɪɟɜɟ-

ɫɢɧɵ 

ȼ�ɪɚɫɬɜɨɪ�ɩɟɪɟɲɥɨ 
ɛɨɥɟɟ 80% ɞɪɟɜɟɫɢɧɵ 

2 «Ⱦɪɟɜɟɫɢɧɚ – ɜɨɞ-
ɧɨ�ɫɩɢɪɬɨɜɵɟ  
ɪɚɫɬɜɨɪɵ» 

 ɉɨɜɵɲɟɧɧɨɟ�ɫɨɞɟɪ-
ɠɚɧɢɟ�ɚɪɨɦɚɬɢɱɟɫɤɢɯ 

ɤɨɦɩɨɧɟɧɬɨɜ 
4 ©ɡɟɪɧɚ�ɤɨɮɟ –  

ɜɨɞɚ» 
ȼ�ɪɚɫɬɜɨɪ 

ɩɟɪɟɯɨɞɢɬ�ɞɨ 
30% ɫɨɞɟɪ-
ɠɢɦɨɝɨ�ɡɟɪɟɧ 

ȼ�ɪɚɫɬɜɨɪ�ɩɟɪɟɲɥɨ 
ɛɨɥɟɟ 40% ɫɨɞɟɪɠɢ-

ɦɨɝɨ�ɡɟɪɟɧ 

5 ©ɡɟɪɧɚ�ɤɨɮɟ –  
ɜɨɞɚ» 

 ɉɨɜɵɲɟɧɧɨɟ�ɫɨɞɟɪ-
ɠɚɧɢɟ�ɚɪɨɦɚɬɢɱɟɫɤɢɯ 

ɤɨɦɩɨɧɟɧɬɨɜ 
6 «ɡɟɪɧɚ�ɚɦɚɪɚɧɬɚ - 

ɫɩɢɪɬ» 
ɋɩɢɪɬ�ɩɪɚɤ-
ɬɢɱɟɫɤɢ�ɧɟ 
ɪɚɫɬɜɨɪɹɟɬ 
ɫɤɜɚɥɟɧ 

ȼ�ɩɨɥɭɱɟɧɧɨɦ�ɦɚɫɥɟ 
ɚɦɚɪɚɧɬɚ�ɞɨ 4% ɫɤɜɚ-

ɥɟɧɚ 
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ɉɪɟɞɫɬɚɜɥɹɟɬɫɹ, ɱɬɨ� ɰɟɥɟɫɨɨɛɪɚɡɧɨ� ɢɫɤɚɬɶ� ɜɨɡ-
ɦɨɠɧɨɫɬɢ�ɭɩɪɚɜɥɟɧɢɹ�ɩɪɨɰɟɫɫɚɦɢ�ɩɟɪɟɧɨɫɚ�ɧɚ�ɭɪɨɜɧɟ 
ɧɚɧɨɦɚɫɲɬɚɛɧɵɯ� ɷɥɟɦɟɧɬɨɜ� ɩɢɳɟɜɨɝɨ� ɫɵɪɶɹ� ɫ� ɩɨɦɨ-
ɳɶɸ�ɩɨɥɧɨɝɨ�ɢɫɩɨɥɶɡɨɜɚɧɢɹ�ɩɨɜɟɪɯɧɨɫɬɧɵɯ�ɹɜɥɟɧɢɣ. 
Ɍɚɤɢɟ� ɡɚɞɚɱɢ� ɨɬɜɟɱɚɟɬ� ɨɩɪɟɞɟɥɟɧɢɸ� ɧɚɧɨɬɟɯɧɨɥɨɝɢɣ 
�ɇɌ) [10, 11].  

ɉɚɪɚɞɢɝɦɚ� ɢ� ɧɚɭɱɧɵɟ� ɨɫɧɨɜɵ� ɪɚɡɪɚɛɚɬɵɜɚɟɦɵɯ 
ɜ� ɈɇȺɉɌ� ɩɢɳɟɜɵɯ� ɇɌ� ɜɤɥɸɱɚɸɬ:  ɝɢɩɨɬɟɡɭ� ɛɚɪɨ-
ɞɢɮɮɭɡɢɨɧɧɨɝɨ�ɩɟɪɟɧɨɫɚ�ɢɡ�ɧɚɧɨɦɚɫɲɬɚɛɧɵɯ�ɷɥɟɦɟɧ-
ɬɨɜ�ɫɵɪɶɹ [2], ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɭɸ�ɫɯɟɦɭ�ɧɚɧɨɩɪɨɰɟɫ-
ɫɚ�ɢ�ɬɟɩɥɨɦɟɯɚɧɢɱɟɫɤɭɸ�ɦɨɞɟɥɶ�ɪɚɫɬɢɬɟɥɶɧɨɣ�ɤɥɟɬɤɢ 
[2, 3], ɤɢɧɟɬɢɱɟɫɤɭɸ� ɦɨɞɟɥɶ� ɦɚɫɫɨɩɟɪɟɧɨɫɚ [3, 4]. 
ɉɪɨɜɟɞɟɧɚ�ɤɥɚɫɫɢɮɢɤɚɰɢɹ�ɩɪɨɰɟɫɫɨɜ�ɩɢɳɟɜɵɯ�ɇɌ [5], 
ɨɛɨɫɧɨɜɚɧɵ� ɩɟɪɫɩɟɤɬɢɜɧɵɟ� ɩɭɬɢ� ɪɚɡɜɢɬɢɹ� ɩɢɳɟɜɵɯ 
ɧɚɧɨɬɟɯɧɨɥɨɝɢɣ [12].  

ȼ�ɪɚɡɪɚɛɨɬɤɚɯ�ɈɇȺɉɌ�ɷɮɮɟɤɬɢɜɧɨ�ɢɫɩɨɥɶɡɭɸɬ-
ɫɹ� ɜɨɡɦɨɠɧɨɫɬɢ� ɢ� ɩɪɟɢɦɭɳɟɫɬɜɚ� ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɝɨ 
ɩɨɞɜɨɞɚ� ɷɧɟɪɝɢɢ [3, 4]. Ⱦɥɹ� ɤɨɥɢɱɟɫɬɜɟɧɧɨɣ� ɨɰɟɧɤɟ 
ɷɮɮɟɤɬɢɜɧɨɫɬɢ�ɬɚɤɢɯ�ɩɪɨɰɟɫɫɨɜ�ɚɜɬɨɪɨɦ�ɩɪɟɞɥɨɠɟɧɨ 
[2] ɱɢɫɥɨ�ɷɧɟɪɝɟɬɢɱɟɫɤɨɝɨ�ɜɨɡɞɟɣɫɬɜɢɹ: Bu = N (r w d2 

U )-1.  ɋ�ɩɨɦɨɳɶɸ�ɷɬɨɝɨ� ɱɢɫɥɚ�ɩɪɨɜɨɞɢɬɫɹ� ɭɱɟɬ� ɜɥɢɹ-
ɧɢɹ� ɞɟɣɫɬɜɢɹ  ɂɗɆɉ. Ɏɢɡɢɱɟɫɤɢɣ� ɫɦɵɫɥ� ɱɢɫɥɚ Bu 
ɡɚɤɥɸɱɚɟɬɫɹ�ɜ�ɬɨɦ, ɱɬɨ�ɭɫɬɚɧɚɜɥɢɜɚɟɬɫɹ� ɫɨɨɬɧɨɲɟɧɢɟ 
ɦɟɠɞɭ� ɷɧɟɪɝɢɟɣ� ɢɡɥɭɱɟɧɢɹ� ɢ� ɬɨɣ� ɷɧɟɪɝɢɟɣ, ɤɨɬɨɪɚɹ 
ɧɟɨɛɯɨɞɢɦɚ�ɞɥɹ�ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ�ɜ�ɩɚɪ�ɜɫɟɣ�ɜɨɞɵ,  ɤɨ-
ɬɨɪɚɹ�ɧɚɯɨɞɢɬɫɹ�ɜ�ɩɪɨɞɭɤɬɟ. ȼ�ɫɨɨɬɧɨɲɟɧɢɢ (r – ɬɟɩ-
ɥɨɬɚ�ɮɚɡɨɜɨɝɨ�ɩɟɪɟɯɨɞɚ, ɚ�ȡ – ɩɥɨɬɧɨɫɬɶ�ɜɨɞɵ). ɑɢɫɥɨ 
ȼu ɯɚɪɚɤɬɟɪɢɡɭɟɬ�ɦɢɤɪɨ- ɢ� ɧɚɧɨɤɢɧɟɬɢɤɭ�ɦɚɫɫɨɩɟɪɟ-

ɧɨɫɚ�ɛɚɪɨɞɢɮɮɭɡɢɟɣ [2, 3].  
ɇɚ� ɫɟɝɨɞɧɹɲɧɟɟ� ɜɪɟɦɹ� ɢɦɟɸɬɫɹ� ɮɚɤɬɵ, ɨɛɴɹɫ-

ɧɹɬɶ� ɤɨɬɨɪɵɟ�ɦɨɠɧɨ�ɬɨɥɶɤɨ�ɫ�ɩɨɡɢɰɢɣ�ɧɚɧɨɧɚɭɤ (ɢɡ-
ɦɟɧɟɧɢɹ� ɢ� ɬɪɚɧɫɮɨɪɦɚɰɢɢ� ɫɬɪɭɤɬɭɪɵ� ɜɤɭɫɨɜɵɯ� ɢ 
ɚɪɨɦɚɬɢɱɟɫɤɢɯ� ɤɨɦɩɥɟɤɫɨɜ� ɩɪɨɞɭɤɬɚ, ɫɬɟɪɢɥɢɡɚɰɢɹ 
ɦɢɤɪɨɨɪɝɚɧɢɡɦɨɜ� ɩɪɢ� ɩɨɧɢɠɟɧɧɵɯ� ɬɟɦɩɟɪɚɬɭɪɚɯ� ɢ 
ɬ�ɩ.). ɉɪɢɱɢɧɚ� ɷɬɢɯ� ɮɚɤɬɨɜ� ɨɛɳɚɹ – ɞɟɣɫɬɜɢɟ� ɷɥɟɤ-
ɬɪɨɦɚɝɧɢɬɧɨɝɨ� ɩɨɥɹ [2-5, 12-15]. Ɋɹɞ� ɜɵɹɜɥɟɧɧɵɯ 
ɧɟɫɨɨɬɜɟɬɫɬɜɢɣ� ɫ� ɩɪɢɧɹɬɵɦɢ� ɩɨɥɨɠɟɧɢɹɦɢ� ɩɪɢɜɟɞɟɧ 
ɜ�ɬɚɛɥ.1. ȼɵɜɨɞ�ɢɡ�ɬɚɛɥ.1 ɦɨɠɧɨ�ɫɞɟɥɚɬɶ�ɨ�ɬɨɦ,  ɱɬɨ�ɜ 
ɪɚɫɬɜɨɪ�ɩɟɪɟɯɨɞɢɬ�ɛɨɥɶɲɟɟ�ɤɨɥɢɱɟɫɬɜɨ�ɤɨɦɩɨɧɟɧɬɨɜ, 
ɱɟɦ�ɦɨɠɟɬ�ɛɵɬɶ�ɪɚɫɬɜɨɪɟɧɨ�ɷɤɫɬɪɚɝɟɧɬɨɦ.  

ɉɪɟɞɫɬɚɜɥɹɟɬɫɹ, ɱɬɨ�ɨɛɴɹɫɧɹɸɬɫɹ�ɷɬɢ�ɮɚɤɬɵ�ɬɟɦ, 
ɱɬɨ� ɜ� ɭɫɥɨɜɢɹɯ� ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɝɨ�ɩɨɥɹ�ɦɨɠɧɨ� ɨɪɝɚ-
ɧɢɡɨɜɚɬɶ� ɫɩɟɰɢɮɢɱɧɵɣ�ɩɨɬɨɤ, ɤɨɬɨɪɵɣ� ɫɨɞɟɪɠɢɬ�ɯɨ-
ɪɨɲɨ� ɪɚɫɬɜɨɪɢɦɵɟ� ɤɨɦɩɨɧɟɧɬɵ� ɬɜɟɪɞɨɣ� ɮɚɡɵ (ɞɢɮ-
ɮɭɡɢɨɧɧɵɣ� ɩɨɬɨɤ), ɢ� ɩɪɚɤɬɢɱɟɫɤɢ� ɧɟ� ɪɚɫɬɜɨɪɢɦɵɟ 
ɤɨɦɩɨɧɟɧɬɵ� ɬɜɟɪɞɨɣ�ɮɚɡɵ, ɫɜɹɡɢ� ɤɨɬɨɪɨɣ� ɫ� ɧɟɣ� ɫɥɚ-
ɛɵɟ. ɗɬɨ�ɦɨɝɭɬ�ɛɵɬɶ�ɫɢɥɵ�ɜɚɧ�ɞɟɪ�ɜɚɚɥɶɫɨɜɵ, ɫɥɚɛɵɟ 
ɯɢɦɢɱɟɫɤɢɟ, ɦɟɯɚɧɢɱɟɫɤɢɟ�ɢ�ɩɪ. 

ɗɬɨɬ� ɩɨɬɨɤ� ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ� ɦɟɯɚɧɢɱɟɫɤɢɦɢ� ɩɚ-
ɪɚɦɟɬɪɚɦɢ�ɞɜɢɠɭɳɟɣ�ɫɢɥɵ, ɪɚɡɧɨɫɬɶɸ�ɞɚɜɥɟɧɢɣ�ɜ�ɤɚ-
ɩɢɥɥɹɪɟ� ɢ� ɫɪɟɞɵ.  ɉɨɫɥɟɞɧɹɹ� ɦɨɠɟɬ� ɜɨɡɧɢɤɚɬɶ� ɜ� ɪɟ-
ɡɭɥɶɬɚɬɟ� ɢɡɛɢɪɚɬɟɥɶɧɨɝɨ� ɩɨɝɥɨɳɟɧɢɹ� ɷɧɟɪɝɢɢ� ɷɥɟɤ-
ɬɪɨɦɚɝɧɢɬɧɨɝɨ� ɢɫɬɨɱɧɢɤɚ� ɩɨɥɹɪɧɵɦɢ� ɦɨɥɟɤɭɥɚɦɢ, 
ɩɟɪɟɯɨɞɚ� ɜ� ɩɚɪɨɜɭɸ� ɮɚɡɭ� ɧɚɢɛɨɥɟɟ� ɥɟɬɭɱɟɝɨ� ɤɨɦɩɨ-
ɧɟɧɬɚ, ɩɨɜɵɲɟɧɢɹ� ɞɚɜɥɟɧɢɹ� ɜ� ɝɥɭɛɢɧɟ� ɤɚɩɢɥɥɹɪɚ. ȼ 
ɪɟɡɭɥɶɬɚɬɟ�ɩɨɹɜɥɹɟɬɫɹ�ɦɨɳɧɚɹ�ɞɜɢɠɭɳɚɹɫɹ�ɫɢɥɚ,  

  

Ɋɢɫ. 1. Ɏɢɡɢɱɟɫɤɚɹ�ɫɯɟɦɚ�ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ�ɤɨɦɩɨɧɟɧɬɨɜ 
ɢ�ɩɨɬɨɤɚ: 1 – ɫɬɟɧɤɚ�ɤɚɩɢɥɥɹɪɚ, 2 – ɩɚɪɨɜɨɣ�ɩɭɡɵɪɶ,  

3 – ɧɟɪɚɫɬɜɨɪɢɦɵɟ�ɜ�ɠɢɞɤɨɫɬɢ�ɤɨɦɩɨɧɟɧɬɵ, 4 – ɫɥɚɛɨ-
ɪɚɫɬɜɨɪɢɦɵɟ�ɤɨɦɩɨɧɟɧɬɵ, 5 – ɞɢɮɮɭɡɢɨɧɧɵɣ  

ɩɨɝɪɚɧɢɱɧɵɣ�ɫɥɨɣ 

Ɋɢɫ. 2. ɗɤɜɢɜɚɥɟɧɬɧɚɹ�ɷɥɟɤɬɪɨɞɢɮɮɭɡɢɨɧɧɚɹ�ɫɯɟɦɚ�ɫɨ-
ɩɪɹɠɟɧɧɵɯ�ɩɪɨɰɟɫɫɨɜ�ɩɟɪɟɧɨɫɚ�ɝɢɞɪɨ- ɞɢɮɮɭɡɢɨɧɧɵɦɢ 

ɩɨɬɨɤɚɦɢ�ɜ�ɫɢɫɬɟɦɟ «ɬɜɟɪɞɚɹ�ɮɚɡɚ – ɠɢɞɤɨɫɬɶ –  
ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɟ�ɩɨɥɟ» 

Ɍɚɛɥɢɰɚ 2 
Ɇɟɯɚɧɢɡɦɵ�ɩɟɪɟɧɨɫɚ�ɤɨɦɩɨɧɟɧɬɨɜ�ɢɡ�ɤɚɩɢɥɥɹɪɧɨɣ�ɦɟɠɤɥɟɬɨɱɧɨɣ�ɫɬɪɭɤɬɭɪɵ 

ɏɚɪɚɤɬɟɪɢɫɬɢɤɚ�ɩɨɬɨɤɚ Ⱦɜɢɠɭɳɚɹ�ɫɢɥɚ ɋɨɩɪɨɬɢɜɥɟɧɢɟ 
ɩɨɬɨɤɭ 

Ɇɚɫɫɚ  
ɩɟɪɟɦɟɳɟɧɧɨɝɨ 
ɤɨɦɩɨɧɟɧɬɚ 

Ɇɨɞɟɥɶ�ɩɪɨɰɟɫɫɚ 

Ʉɨɧɜɟɤɬɢɜɧɵɣ� ɞɢɮɮɭɡɢɨɧ-
ɧɵɣ�ɦɚɫɫɨɩɟɪɟɧɨɫ 

Ɋɚɡɧɨɫɬɶ�ɤɨɧɰɟɧɬɪɚ-
ɰɢɣ 

ɍ – ɏɊȾ 

Ⱦɢɮɮɭɡɢɨɧɧɨɟ 
ɫɨɩɪɨɬɢɜɥɟɧɢɟ, 

RȾ 

ɆɊ1 
�ɩɨɬɨɤ j1) 

Ⱦ

ɊȾɊ

R
ɏɍ

Fd
GɆ �

 
W

1
 

Ɇɟɯɚɧɢɱɟɫɤɢɣ�ɩɟɪɟɧɨɫ�ɪɚɫ-
ɬɜɨɪɢɦɵɯ� ɜɟɳɟɫɬɜ� ɢɡ� ɩɨ-
ɝɪɚɧɢɱɧɨɝɨ�ɫɥɨɹ 

Ɋɚɡɧɨɫɬɶ�ɞɚɜɥɟɧɢɣ 
ɊɄ – Ɋ0 

Ƚɢɞɪɚɜɥɢɱɟɫɤɨɟ 
ɫɨɩɪɨɬɢɜɥɟɧɢɟ, 

RȽɊ 

ɆɊ2 
�ɩɨɬɨɤ j1) 

ȽɊ

ɄɊ

R
ɊɊ

Sd
GɆ 02 �

 
WU

 

Ɇɟɯɚɧɢɱɟɫɤɢɣ� ɩɟɪɟɧɨɫ 
ɫɥɚɛɨɪɚɫɬɜɨɪɢɦɵɯ� ɜɟɳɟɫɬɜ 
ɢɡ�ɤɚɩɢɥɥɹɪɨɜ 

Ɋɚɡɧɨɫɬɶ�ɞɚɜɥɟɧɢɣ 
ɊɄ – Ɋ0 

ɋɨɩɪɨɬɢɜɥɟɧɢɟ, 
RȽɋ 

Ɇɋ 
�ɩɨɬɨɤ j3) 
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Ɇɟɯɚɧɢɱɟɫɤɢɣ� ɩɟɪɟɧɨɫ� ɧɟ-
ɪɚɫɬɜɨɪɢɦɵɯ� ɜɟɳɟɫɬɜ� ɢɡ 
ɤɚɩɢɥɥɹɪɨɜ 

Ɋɚɡɧɨɫɬɶ�ɞɚɜɥɟɧɢɣ 
ɊɄ – Ɋ0 

ɋɨɩɪɨɬɢɜɥɟɧɢɟ, 
RȽɇ 

Ɇɇ 
�ɩɨɬɨɤ j4) 
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Ɋɢɫ.3. Ȼɚɥɚɧɫ�ɫɢɥ, ɞɟɣɫɬɜɭɸɳɢɯ�ɧɚ�ɤɨɦɩɨɧɟɧɬ (4) ɜ 
ɦɟɠɤɥɟɬɨɱɧɨɦ�ɩɪɨɫɬɪɚɧɫɬɜɟ (3) ɩɪɨɞɭɤɬɚ (1) 

ɝɢɞɪɚɜɥɢɱɟɫɤɢɣ� ɩɨɬɟɧɰɢɚɥ� ɞɥɹ� ɩɨɬɨɤɚ� ɢɡ� ɤɚɩɢɥɥɹɪɚ. 
ɗɬɨ� ɫɭɝɭɛɨ� ɦɟɯɚɧɢɱɟɫɤɢɣ� ɩɨɬɨɤ, ɦɨɳɧɨɫɬɶ� ɤɨɬɨɪɨɝɨ 
ɨɩɪɟɞɟɥɹɟɬɫɹ� ɤɚɤ� ɫɚɦɨɣ� ɪɚɡɧɨɫɬɶɸ� ɞɚɜɥɟɧɢɣ, ɬɚɤ� ɢ 
ɞɢɧɚɦɢɤɨɣ� ɢɡɦɟɧɟɧɢɹ� ɞɚɜɥɟɧɢɣ. Ɍɚɤɨɣ� ɩɨɬɨɤ� ɦɨɠɧɨ 
ɢɧɢɰɢɢɪɨɜɚɬɶ, ɢɦ� ɦɨɠɧɨ� ɭɩɪɚɜɥɹɬɶ� ɩɚɪɚɦɟɬɪɚɦɢ 
ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɝɨ�ɩɨɥɹ. 

Ɇɟɯɚɧɢɡɦ� ɩɪɨɰɟɫɫɚ� ɩɟɪɟɧɨɫɚ� ɢɡ� ɦɟɠɤɥɟɬɨɱ-
ɧɨɣ� ɫɬɪɭɤɬɭɪɵ. ɉɪɟɞɫɬɚɜɥɹɟɬɫɹ, ɱɬɨ� ɜ� ɨɛɳɟɦ, ɦɵ 
ɢɦɟɟɬ� ɞɟɥɨ� ɫ� ɧɨɜɵɦ� ɹɜɥɟɧɢɟɦ, ɧɨɜɵɦ� ɷɮɮɟɤɬɨɦ, 
ɧɚɡɜɚɧɢɟ� ɤɨɬɨɪɨɦɭ� ɦɨɠɧɨ� ɞɚɬɶ «ɦɟɯɚɧɨɞɢɮɮɭɡɢɨɧ-
ɧɵɣ� ɷɮɮɟɤɬ� ɩɪɢ� ɛɟɡɝɪɚɞɢɟɧɬɧɨɦ� ɜɨɥɧɨɜɨɦ� ɩɨɞɜɨɞɟ 
ɷɧɟɪɝɢɢ� ɤ� ɩɨɥɹɪɧɵɦ� ɦɨɥɟɤɭɥɚɦ� ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɵɦ 
ɩɨɥɟɦ». ȼ� ɪɟɡɭɥɶɬɚɬɟ� ɝɟɧɟɪɚɰɢɢ� ɩɚɪɨɜɵɯ� ɩɭɡɵɪɶɤɨɜ 
(2) ɜ�ɝɥɭɛɢɧɟ�ɦɢɤɪɨɤɚɩɢɥɥɹɪɚ (1) ɩɨɜɵɲɚɟɬɫɹ�ɞɚɜɥɟ-
ɧɢɟ, ɜɨɡɧɢɤɚɟɬ� ɝɢɞɪɚɜɥɢɱɟɫɤɢɣ� ɩɨɬɨɤ, ɤɨɬɨɪɵɣ� ɭɜɥɟ-
ɤɚɟɬ�ɫ�ɫɨɛɨɣ�ɷɤɫɬɪɚɤɬ�ɢɡ�ɩɨɝɪɚɧɢɱɧɨɝɨ�ɫɥɨɹ (5), ɧɟɪɚɫ-
ɬɜɨɪɢɦɵɟ (3) ɢ� ɫɥɚɛɨɪɚɫɬɜɨɪɢɦɵɟ (4) ɤɨɦɩɨɧɟɧɬɵ 
�ɪɢɫ.1).  

Ɍɚɤɢɦ� ɨɛɪɚɡɨɦ, ɢɡ� ɤɚɩɢɥɥɹɪɚ (1) ɜɵɯɨɞɢɬ� ɞɢɮ-
ɮɭɡɢɨɧɧɵɣ�ɩɨɬɨɤ�ɷɤɫɬɪɚɤɬɚ, ɤɨɬɨɪɵɣ�ɞɨɩɨɥɧɹɟɬɫɹ�ɩɨ-
ɬɨɤɨɦ�ɰɟɥɨɝɨ�ɤɨɦɩɥɟɤɫɚ�ɤɨɦɩɨɧɟɧɬɨɜ�ɧɟ�ɯɚɪɚɤɬɟɪɧɵɯ 
ɜɨɨɛɳɟ� ɞɥɹ� ɞɢɮɮɭɡɢɨɧɧɵɯ� ɩɪɨɰɟɫɫɨɜ, ɥɢɛɨ� ɞɥɹ� ɷɤɫ-
ɬɪɚɝɢɪɨɜɚɧɢɹ�ɤɨɧɤɪɟɬɧɵɦ�ɷɤɫɬɪɚɝɟɧɬɨɦ. 

ɋɬɪɭɤɬɭɪɚ� ɩɨɬɨɤɚ� ɢɡ� ɤɚɩɢɥɥɹɪɚ (1) ɩɨɹɫɧɹɟɬɫɹ 
ɷɤɜɢɜɚɥɟɧɬɧɨɣ�ɷɥɟɤɬɪɢɱɟɫɤɨɣ�ɫɯɟɦɨɣ (ɪɢɫ.2), ɝɞɟ Y�Ĳ) 
ɢ YȽ – ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɬɟɤɭɳɟɟ�ɜ�ɬɜɟɪɞɨɣ�ɮɚɡɟ�ɢ�ɝɪɚ-
ɧɢɱɧɨɟ� ɡɧɚɱɟɧɢɹ� ɤɨɧɰɟɧɬɪɚɰɢɢ� ɪɚɫɬɜɨɪɢɦɵɯ� ɤɨɦɩɨ-
ɧɟɧɬɨɜ; ɏȈ – ɫɭɦɦɚɪɧɨɟ�ɡɧɚɱɟɧɢɟ�ɜɫɟɯ�ɩɟɪɟɧɟɫɟɧɧɵɯ�ɜ 
ɷɤɫɬɪɚɤɬ� ɤɨɦɩɨɧɟɧɬɨɜ; ɋɋ� ɢ� ɋɇ – ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, 
ɤɨɧɰɟɧɬɪɚɰɢɢ�ɜ�ɬɜɟɪɞɨɣ�ɮɚɡɟ�ɫɥɚɛɨɪɚɫɬɜɨɪɢɦɵɯ�ɢ�ɧɟ-
ɪɚɫɬɜɨɪɢɦɵɯ�ɜ�ɷɤɫɬɪɚɝɟɧɬɟ�ɤɨɦɩɨɧɟɧɬɨɜ; ɏɋ�ɢ�ɏɇ – ɬɨ 
ɠɟ, ɧɨ�ɜ�ɷɤɫɬɪɚɤɬɟ. ɂɫɯɨɞɹ�ɢɡ�ɤɥɚɫɫɢɱɟɫɤɨɣ�ɬɟɩɥɨɮɢ-
ɡɢɱɟɫɤɨɣ� ɫɯɟɦɵ� ɦɚɫɫɨɩɟɪɟɧɨɫɚ [2, 3, 4] ɢ� ɫɬɪɭɤɬɭɪɵ 
ɦɟɠɤɥɟɬɨɱɧɨɣ� ɫɬɪɭɤɬɭɪɵ� ɦɟɯɚɧɢɡɦ� ɞɢɮɮɭɡɢɨɧɧɨɝɨ 
ɩɟɪɟɧɨɫɚ�ɢɡ�ɜɨɥɨɤɧɢɫɬɨɣ� ɫɬɪɭɤɬɭɪɵ�ɜ�ɩɨɬɨɤ�ɫɨɨɬɜɟɬ-
ɫɬɜɭɟɬ�ɬɨɥɶɤɨ�ɱɚɫɬɢ�ɫɯɟɦɵ (ɪɢɫ.1, 2). ɉɨɫɥɟɞɨɜɚɬɟɥɶ-
ɧɚɹ�ɰɟɩɨɱɤɚ�ɞɢɮɮɭɡɢɨɧɧɵɯ�ɫɨɩɪɨɬɢɜɥɟɧɢɣ�ɫɨɫɬɨɢɬ�ɢɡ 
ɫɭɦɦɵ:  ȈR  =  RɇɄ+RɆɄ+RɆɈ.  ɉɪɨɰɟɫɫ� ɤɨɧɜɟɤɬɢɜɧɨɣ 
ɦɚɫɫɨɨɬɞɚɱɢ� ɨɬ�ɩɨɜɟɪɯɧɨɫɬɢ� ɩɪɨɞɭɤɬɚ� ɜ� ɩɨɬɨɤ� ɢɦɟɟɬ 
ɧɚɢɦɟɧɶɲɟɟ� ɞɢɮɮɭɡɢɨɧɧɨɟ� ɫɨɩɪɨɬɢɜɥɟɧɢɟ (RMO). 
ɀɢɞɤɨɫɬɶ� ɩɟɪɟɦɟɳɚɟɬɫɹ� ɜ� ɦɢɤɪɨɤɚɩɢɥɥɹɪɚɯ� ɤ� ɩɨ-
ɜɟɪɯɧɨɫɬɢ� ɩɪɨɞɭɤɬɚ, ɩɪɟɨɞɨɥɟɜɚɹ� ɞɢɮɮɭɡɢɨɧɧɨɟ� ɫɨ-
ɩɪɨɬɢɜɥɟɧɢɟ (RMK). ɗɬɨ� ɤɨɧɜɟɤɬɢɜɧɚɹ� ɞɢɮɮɭɡɢɹ� ɜ 
ɫɬɟɫɧɟɧɧɵɯ� ɭɫɥɨɜɢɹɯ (ɩɨɬɨɤ j1). Ⱦɢɮɮɭɡɢɨɧɧɨɟ� ɫɨ-
ɩɪɨɬɢɜɥɟɧɢɟ� ɧɚɧɨɤɚɩɢɥɥɹɪɨɜ� ɨɛɨɡɧɚɱɟɧɨ (RHK). ɗɬɨ 
ɧɚɢɛɨɥɶɲɟɟ� ɞɢɮɮɭɡɢɨɧɧɨɟ� ɫɨɩɪɨɬɢɜɥɟɧɢɟ, ɩɨɫɤɨɥɶ-
ɤɭ, ɫɬɟɫɧɟɧɧɨɫɬɶ�ɞɢɮɮɭɡɢɨɧɧɵɯ�ɩɪɨɰɟɫɫɨɜ�ɜ�ɧɚɧɨɤɚ-
ɩɢɥɥɹɪɚɯ�ɦɚɤɫɢɦɚɥɶɧɚ. 

ɉɪɢ� ɜɨɡɞɟɣɫɬɜɢɢ� ɢɦɩɭɥɶɫɧɨɝɨ� ɷɥɤɬɪɨɦɚɝɧɢɬɧɨ-
ɝɨ�ɩɨɥɹ�ɢɧɢɰɢɢɪɭɟɬɫɹ�ɩɨɬɨɤ�ɠɢɞɤɨɫɬɢ�ɢɡ�ɤɚɩɢɥɥɹɪɨɜ 
(j2). Ɋɚɧɟɟ [3, 4] ɷɬɨɬ�ɩɪɨɰɟɫɫ�ɩɪɟɞɫɬɚɜɥɹɥɫɹ�ɤɚɤ�ɛɚɪɨ-
ɞɢɮɮɭɡɢɹ. Ɉɞɧɚɤɨ�ɷɬɨ�ɧɟ�ɤɥɚɫɫɢɱɟɫɤɚɹ�ɛɚɪɨɞɢɮɮɭɡɢɹ 
ɨɩɪɟɞɟɥɟɧɧɚɹ�Ⱥ�ȼ. Ʌɵɤɨɜɵɦ [6, 7]. ɉɪɨɰɟɫɫ�ɜɨɡɧɢɤɚɟɬ 
ɢɡ�ɡɚ� ɪɚɫɬɭɳɟɝɨ� ɜ� ɤɚɩɢɥɥɹɪɚɯ� ɞɚɜɥɟɧɢɹ� Ɋɤ (ɪɢɫ.1). 

Ɉɬɞɟɥɶɧɵɟ� ɤɚɩɢɥɥɹɪɵ, ɝɞɟ� ɞɨɫɬɢɝɧɭɬɵ� ɭɫɥɨɜɢɹ� ɞɥɹ 
ɝɟɧɟɪɚɰɢɢ�ɩɚɪɨɜɨɣ�ɮɚɡɵ, ɧɚɱɢɧɚɸɬ�ɩɟɪɢɨɞɢɱɟɫɤɢ�ɜɵ-
ɛɪɚɫɵɜɚɬɶ�ɜ�ɩɨɬɨɤ�ɠɢɞɤɨɫɬɶ�ɢɡ�ɤɚɩɢɥɥɹɪɨɜ. ɀɢɞɤɨɫɬɶ 
ɢɡ�ɧɚɧɨɤɚɩɢɥɥɹɪɨɜ�ɜɵɛɪɚɫɵɜɚɟɬɫɹ�ɜ�ɦɢɤɪɨɤɚɩɢɥɥɹɪɵ 
ɢ�ɞɚɥɟɟ�ɜ�ɫɪɟɞɭ�ɩɪɟɨɞɨɥɟɜɚɹ�ɫɨɩɪɨɬɢɜɥɟɧɢɟ (RȽɊ). ɉɨ 
ɫɭɬɢ, ɷɬɨ� ɝɢɞɪɚɜɥɢɱɟɫɤɨɟ� ɫɨɩɪɨɬɢɜɥɟɧɢɟ. ɑɚɫɬɨɬɚ� ɬɚ-
ɤɢɯ�ɜɵɛɪɨɫɨɜ�ɢ�ɱɢɫɥɨ�ɮɭɧɤɰɢɨɧɢɪɭɸɳɢɯ�ɤɚɩɢɥɥɹɪɨɜ 
ɪɚɫɬɟɬ�ɫ�ɪɨɫɬɨɦ N - ɦɨɳɧɨɫɬɢ�ɢɡɥɭɱɟɧɢɹ.  

ɉɚɪɚɥɥɟɥɶɧɨ� ɫ� ɩɨɬɨɤɚɦɢ (j1) ɢ (j2) ɩɪɨɢɫɯɨɞɢɬ 
ɩɟɪɟɦɟɳɟɧɢɟ� ɫɥɚɛɨɪɚɫɬɜɨɪɢɦɵɯ (ɩɨɬɨɤ j3) ɢ� ɧɟɪɚɫ-
ɬɜɨɪɢɦɵɯ (ɩɨɬɨɤ j4) ɤɨɦɩɨɧɟɧɬɨɜ. 

Ɇɟɯɚɧɢɡɦɵ� ɩɪɨɰɟɫɫɨɜ� ɩɟɪɟɧɨɫɚ� ɢ� ɫɨɨɬɜɟɬɫɬɜɭ-
ɸɳɢɟ�ɦɨɞɟɥɢ�ɫɜɟɞɟɧɵ�ɜ�ɬɚɛɥ.2. 

ɋɭɦɦɚɪɧɵɣ� ɩɨɬɨɤ� ɜɫɟɯ� ɤɨɦɩɨɧɟɧɬɨɜ� ɜ� ɢɧɬɟ-
ɝɪɚɥɶɧɨɣ�ɮɨɪɦɟ�ɨɩɪɟɞɟɥɢɬɫɹ: 
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(1) 

ɋɨɝɥɚɫɨɜɚɧɢɟ� ɬɟɤɭɳɟɣ� ɤɨɧɰɟɧɬɪɚɰɢɢ� ɪɚɫɬɜɨɪɢ-

ɦɵɯ� ɜɟɳɟɫɬɜ� ɜ� ɬɜɟɪɞɨɣ� ɮɚɡɟ (ɍ)  ɢ� ɜ� ɷɤɫɬɪɚɤɬɟ (ɏɊȾ) 

ɩɪɨɜɨɞɢɬɫɹ�ɩɨ�ɭɝɥɭ�ɧɚɤɥɨɧɚ�ɪɚɛɨɱɟɣ�ɥɢɧɢɢ�ɩɪɨɰɟɫɫɚ 

�ɜ�ɬɟɯɧɨɥɨɝɢɢ�ɫɜɹɡɚɧ�ɫ�ɝɢɞɪɨɦɨɞɭɥɟɦ).  
ɋɨɨɬɜɟɬɫɬɜɭɸɳɢɟ� ɫɨɩɪɨɬɢɜɥɟɧɢɹ� ɩɪɨɰɟɫɫɚɦ�ɩɟ-

ɪɟɧɨɫɚ� ɨɩɪɟɞɟɥɹɸɬɫɹ� ɜ� ɡɚɜɢɫɢɦɨɫɬɢ� ɨɬ� ɯɚɪɚɤɬɟɪɚ 
ɞɜɢɠɭɳɢɯ� ɫɢɥ. Ɍɚɤ, ɞɥɹ� ɞɢɮɮɭɡɢɨɧɧɵɯ� ɩɪɨɰɟɫɫɨɜ 
ɫɥɟɞɭɟɬ� ɭɱɢɬɵɜɚɬɶ� ɢɧɬɟɧɫɢɜɧɨɫɬɶ� ɦɚɫɫɨɩɟɪɟɧɨɫɚ� ɜ 
ɭɫɥɨɜɢɹɯ�ɫɬɟɫɧɟɧɧɨɣ�ɤɨɧɜɟɤɬɢɜɧɨɣ�ɞɢɮɮɭɡɢɢ�ɜɧɭɬɪɢ 
ɤɚɩɢɥɥɹɪɚ (ɤɨɷɮɮɢɰɢɟɧɬ� ɦɚɫɫɨɨɬɞɚɱɢ� ȕ1) ɢ� ɤɨɷɮɮɢ-
ɰɢɟɧɬ�ɜɧɟɲɧɟɣ�ɤɨɧɜɟɤɬɢɜɧɨɣ�ɞɢɮɮɭɡɢɢ (ȕ2): 

21

1
EE
ȺR Ⱦ � 

 (2) 
ɂɧɬɟɧɫɢɜɧɨɫɬɶ� ɩɟɪɟɧɨɫɚ� ɨɫɬɚɥɶɧɵɯ� ɤɨɦɩɨɧɟɧ-

ɬɨɜ�ɨɩɪɟɞɟɥɹɟɬɫɹ�ɛɚɥɚɧɫɨɦ�ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ�ɫɢɥ, ɤɨ-
ɬɨɪɵɟ�ɮɨɪɦɢɪɭɸɬɫɹ�ɜ�ɤɚɩɢɥɥɹɪɟ�ɦɟɠɤɥɟɬɨɱɧɨɝɨ�ɩɪɨ-
ɫɬɪɚɧɫɬɜɚ (ɪɢɫ.3). 

Ɋɟɡɭɥɶɬɢɪɭɸɳɚɹ� ɷɬɢɯ� ɫɢɥ� ɨɩɪɟɞɟɥɢɬ� ɫɤɨɪɨɫɬɶ 
ɩɨɬɨɤɚ� ɤɨɧɤɪɟɬɧɨɝɨ� ɤɨɦɩɨɧɟɧɬɚ. ɉɪɢ� ɞɟɣɫɬɜɢɢ� ɫɢɥ 
ɩɨɜɟɪɯɧɨɫɬɧɨɝɨ� ɧɚɬɹɠɟɧɢɹ, ɱɬɨ� ɯɚɪɚɤɬɟɪɧɨ� ɞɥɹ� ɦɢɤ-
ɪɨɤɚɩɢɥɥɹɪɨɜ, ɫɜɹɡɶ� ɪɚɡɧɨɫɬɢ� ɞɚɜɥɟɧɢɣ� ɜ� ɤɚɩɢɥɥɹɪɟ 
�ǻɊ) ɢ�ɫɤɨɪɨɫɬɢ�ɩɨɬɨɤɚ (w) ɢɦɟɟɬ�ɜɢɞ: 
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(3) 
ȼ�ɫɨɨɬɧɨɲɟɧɢɢ (3) l - ɞɥɢɧɚ�ɤɚɩɢɥɥɹɪɚ; d – ɞɢɚ-

ɦɟɬɪ;  ı –  ɤɨɷɮɮɢɰɢɟɧɬ�ɩɨɜɟɪɯɧɨɫɬɧɨɝɨ�ɧɚɬɹɠɟɧɢɹ;  Ȝ 
– ɤɨɷɮɮɢɰɢɟɧɬ�ɬɪɟɧɢɹ; ȟ – ɤɨɷɮɮɢɰɢɟɧɬ�ɦɟɫɬɧɨɝɨ�ɫɨ-
ɩɪɨɬɢɜɥɟɧɢɹ; ȡ – ɩɥɨɬɧɨɫɬɶ�ɩɨɬɨɤɚ. 

ɇɟɫɬɚɰɢɨɧɚɪɧɨɟ�ɨɞɧɨɦɟɪɧɨɟ�ɩɨɥɟ�ɤɨɧɰɟɧɬɪɚɰɢɣ 
ɪɚɫɬɜɨɪɢɦɵɯ� ɜɟɳɟɫɬɜ� ɨɩɪɟɞɟɥɹɟɬɫɹ� ɭɪɚɜɧɟɧɢɟɦ� ɤɨɧ-
ɜɟɤɬɢɜɧɨɣ�ɞɢɮɮɭɡɢɢ�Ɏɢɤɚ: 
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Ʉɨɨɪɞɢɧɚɬɚ ɯ� ɫɨɜɩɚɞɚɟɬ� ɫ� ɨɫɶɸ�ɤɚɩɢɥɥɹɪɚ. ɉɪɢ 
ɨɩɪɟɞɟɥɟɧɧɵɯ� ɭɫɥɨɜɢɹɯ� ɜɬɨɪɨɟ� ɫɥɚɝɚɟɦɨɟ� ɜ� ɫɨɨɬɧɨ-
ɲɟɧɢɢ (4) ɦɨɠɟɬ� ɩɪɚɤɬɢɱɟɫɤɢ� ɨɩɪɟɞɟɥɹɬɶ� ɢɧɬɟɧɫɢɜ-
ɧɨɫɬɶ�ɩɟɪɟɧɨɫɚ�ɪɚɫɬɜɨɪɢɦɨɝɨ�ɤɨɦɩɨɧɟɧɬɚ.  

Ⱦɥɹ� ɧɟɪɚɫɬɜɨɪɢɦɵɯ� ɤɨɦɩɨɧɟɧɬɨɜ� ɱɢɫɬɨ� ɞɢɮɮɭ-
ɡɢɨɧɧɵɣ�ɩɨɬɨɤ�ɨɬɫɭɬɫɬɜɭɟɬ: 
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Ⱦɥɹ�ɪɚɫɱɟɬɚ�ɡɧɚɱɟɧɢɹ�ɫɤɨɪɨɫɬɢ�ɩɨɬɨɤɚ�ɜ�ɭɪɚɜɧɟ-
ɧɢɹɯ (3-5) ɧɟɨɛɯɨɞɢɦɨ�ɭɱɟɫɬɶ�ɤɨɧɤɪɟɬɧɵɟ�ɫɢɥɵ, ɞɟɣ-
ɫɬɜɭɸɳɢɟ�ɧɚ�ɤɨɦɩɨɧɟɧɬ�ɜ�ɤɚɩɢɥɥɹɪɟ. 

Ɇɟɯɚɧɢɡɦ� ɩɪɨɰɟɫɫɚ� ɩɟɪɟɧɨɫɚ� ɢɡ� ɤɥɟɬɤɢ. ɉɢ-
ɳɟɜɨɟ ɫɵɪɶɟ�ɪɚɫɬɢɬɟɥɶɧɨɝɨ�ɩɪɨɢɫɯɨɠɞɟɧɢɹ�ɢ�ɨɬɯɨɞɵ 
ɦɧɨɝɢɯ�ɩɢɳɟɜɵɯ�ɩɪɨɢɡɜɨɞɫɬɜ�ɹɜɥɹɸɬɫɹ�ɫɬɪɭɤɬɭɪɢɪɨ-
ɜɚɧɧɵɦɢ�ɢ�ɢɯ�ɧɟɨɛɯɨɞɢɦɨ�ɚɤɬɢɜɢɪɨɜɚɬɶ - ɪɚɡɪɭɲɢɬɶ 
ɫɬɪɭɤɬɭɪɭ� ɤɥɟɬɨɤ� ɫ� ɰɟɥɶɸ� ɢɡɜɥɟɱɟɧɢɹ� ɢ� ɞɚɥɶɧɟɣɲɟɣ 
ɩɟɪɟɪɚɛɨɬɤɢ� ɰɟɧɧɵɯ� ɤɨɦɩɨɧɟɧɬɨɜ. Ɉɫɧɨɜɧɵɦɢ� ɩɪɨ-
ɰɟɫɫɚɦɢ� ɜ� ɩɢɳɟɜɵɯ� ɬɟɯɧɨɥɨɝɢɹɯ� ɹɜɥɹɸɬɫɹ: ɞɟɫɬɪɭɤ-
ɰɢɹ, ɷɤɫɬɪɚɤɰɢɹ� ɢ� ɫɭɲɤɚ. Ɋɚɫɫɦɨɬɪɢɦ� ɪɟɚɤɰɢɸ� ɨɛɨ-
ɥɨɱɤɢ�ɤɥɟɬɤɢ�ɩɪɢ�ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɦ�ɷɧɟɪɝɟɬɢɱɟɫɤɨɦ�ɢ 
ɦɟɯɚɧɢɱɟɫɤɨɦ� ɜɨɡɞɟɣɫɬɜɢɢ. ȼ� ɨɫɧɨɜɟ� ɚɧɚɥɢɡɚ� ɧɟɩɪɟ-
ɪɵɜɧɨ – ɝɟɬɟɪɨɝɟɧɧɚɹ�ɦɨɞɟɥɶ�ɫɢɫɬɟɦɵ [2]. 

ɇɚ� ɩɟɪɜɨɦ� ɷɬɚɩɟ� ɢɡɦɟɧɟɧɢɟ� ɨɛɴɟɦɚ� ɤɥɟɬɤɢ Vɤ, 
ɬɟɦɩɟɪɚɬɭɪɵ Ɍɤ,� ɞɚɜɥɟɧɢɹ Ɋɤ� ɢ� ɤɨɧɰɟɧɬɪɚɰɢɢ� ɜ� ɧɟɣ 
ɪɚɫɬɜɨɪɢɦɵɯ� ɤɨɦɩɨɧɟɧɬɨɜ ɋɤ,� ɩɪɟɞɫɬɚɜɥɹɸɬɫɹ� ɫɥɟ-
ɞɭɸɳɢɦ�ɨɛɪɚɡɨɦ. 
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ȼ�ɫɨɨɬɧɨɲɟɧɢɢ (6) ɩɟɪɜɨɟ� ɫɥɚɝɚɟɦɨɟ� ɭɱɢɬɵɜɚɟɬ 
ɷɮɮɟɤɬ�ɦɚɫɫɨɩɟɪɟɧɨɫɚ, ɜɬɨɪɨɟ ��ɢɡɦɟɧɟɧɢɟ�ɨɛɴɟɦɚ�ɡɚ 
ɫɱɟɬ� ɢɧɮɢɥɶɬɪɚɰɢɢ, ɚ� ɬɪɟɬɶɟ �� ɢɡɦɟɧɟɧɢɟ� ɨɛɴɟɦɚ� ɡɚ 
ɫɱɟɬ� ɬɟɩɥɨɩɟɪɟɞɚɱɢ� ɩɪɢ�ɱɚɫɬɢɱɧɨɦ� ɩɚɪɨɨɛɪɚɡɨɜɚɧɢɢ. 
ȼ (6) ɩɪɢɧɹɬɵ� ɨɛɨɡɧɚɱɟɧɢɹ: Ʉ – ɤɨɷɮɮɢɰɢɟɧɬ�ɦɚɫɫɨ-
ɩɟɪɟɧɨɫɚ; FɄ – ɩɥɨɳɚɞɶ� ɩɨɜɟɪɯɧɨɫɬɢ� ɨɛɨɥɨɱɤɢ� ɤɥɟɬ-
ɤɢ; İ – ɞɨɥɹ�ɤɚɧɚɥɨɜ�ɜ�ɨɛɨɥɨɱɤɟ; ȡɷ, ȡɤ, ȡɩ – ɩɥɨɬɧɨɫɬɶ, 
ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɠɢɞɤɨɫɬɢ�ɜ�ɦɟɠɤɥɟɬɨɱɧɨɦ�ɨɛɴɟɦɟ, ɜ 
ɤɥɟɬɤɟ� ɢ� ɩɚɪɚ,  ɨɛɪɚɡɨɜɚɜɲɟɝɨɫɹ� ɜ� ɤɥɟɬɤɟ;  q  –  ɩɥɨɬ-
ɧɨɫɬɶ�ɬɟɩɥɨɜɨɝɨ�ɩɨɬɨɤɚ;  w – ɫɤɨɪɨɫɬɶ�ɢɫɬɟɱɟɧɢɹ;  ɋ – 
ɞɨɥɹ� ɫɭɯɢɯ� ɜɟɳɟɫɬɜ. Ɍɟɩɥɨɜɨɣ� ɩɨɬɨɤ, ɩɟɪɟɞɚɜɚɟɦɵɣ 
ɤɥɟɬɤɟ, ɪɚɫɯɨɞɭɟɬɫɹ�ɧɚ�ɧɚɝɪɟɜ "ɫɭɯɨɣ" ɱɚɫɬɢ, ɧɚɝɪɟɜ�ɢ 
ɱɚɫɬɢɱɧɨɟ�ɢɫɩɚɪɟɧɢɟ�ɠɢɞɤɨɫɬɢ: 
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ɇɚ�ɜɬɨɪɨɦ�ɷɬɚɩɚ�ɜɵɞɟɪɠɤɚ�ɧɟɨɛɯɨɞɢɦɚ�ɞɥɹ�ɨɫɭ-
ɳɟɫɬɜɥɟɧɢɹ� ɦɚɫɫɨɩɟɪɟɧɨɫɧɵɯ� ɩɪɨɰɟɫɫɨɜ. ɇɚ� ɬɪɟɬɶɟɦ 
ɷɬɚɩɟ�ɩɪɨɢɫɯɨɞɢɬ� ɪɟɡɤɢɣ� ɫɛɪɨɫ�ɞɚɜɥɟɧɢɹ, ɱɬɨ� ɩɪɢɜɨ-
ɞɢɬ�ɤ�ɢɧɬɟɧɫɢɜɧɨɦɭ�ɜɵɯɨɞɭ�ɫɨɞɟɪɠɢɦɨɝɨ�ɱɟɪɟɡ�ɩɨɪɵ 
ɤɥɟɬɨɱɧɨɣ�ɨɛɨɥɨɱɤɢ, ɫɥɟɞɫɬɜɢɟɦ�ɱɟɝɨ�ɹɜɥɹɟɬɫɹ�ɢɧɬɟɧ-
ɫɢɮɢɤɚɰɢɹ� ɩɪɨɰɟɫɫɚ� ɩɨɫɥɟɞɭɸɳɟɝɨ� ɷɤɫɬɪɚɝɢɪɨɜɚɧɢɹ. 
ɋɬɟɩɟɧɶ�ɪɚɡɪɵɜɚ�ɤɥɟɬɨɱɧɵɯ�ɨɛɨɥɨɱɟɤ�ɜɨ�ɜɫɟɣ�ɪɟɚɤɰɢ-
ɨɧɧɨɣ� ɦɚɫɫɟ� ɨɩɪɟɞɟɥɹɟɬ� ɫɬɟɩɟɧɶ� ɚɤɬɢɜɚɰɢɢ. ɉɪɢ 
ɨɩɪɟɞɟɥɟɧɧɵɯ� ɭɫɥɨɜɢɹɯ� ɜɨɡɦɨɠɧɨ� ɭɜɟɥɢɱɟɧɢɟ� ɞɢɚ-
ɦɟɬɪɚ� ɩɨɪ� ɜ� ɤɥɟɬɨɱɧɵɯ� ɫɬɟɧɤɚɯ, ɚ� ɬɚɤɠɟ� ɱɚɫɬɢɱɧɵɣ 
ɥɢɛɨ�ɩɨɥɧɵɣ�ɪɚɡɪɵɜ�ɨɛɨɥɨɱɤɢ. ȼ�ɷɬɨɦ�ɫɥɭɱɚɟ� ɡɚɞɚɱɭ 
ɦɨɠɧɨ� ɩɪɟɞɫɬɚɜɢɬɶ� ɜ� ɜɢɞɟ� ɢɡɜɟɫɬɧɨɣ� ɦɨɞɟɥɢ� ɧɚɩɪɹ-
ɠɟɧɧɨɝɨ� ɫɨɫɬɨɹɧɢɹ� ɫɮɟɪɢɱɟɫɤɨɣ� ɨɛɨɥɨɱɤɢ� ɫɨ� ɫɤɜɨɡ-
ɧɵɦɢ�ɨɬɜɟɪɫɬɢɹɦɢ [3].  

Ʉɨɦɛɢɧɢɪɨɜɚɧɧɵɟ�ɩɪɨɰɟɫɫɵ�ɩɟɪɟɧɨɫɚ�ɢɡ�ɪɚɫ-
ɬɢɬɟɥɶɧɨɝɨ� ɫɵɪɶɹ� ɩɪɢ� ɷɤɫɬɪɚɝɢɪɨɜɚɧɢɢ. ȼɵɩɨɥ-
ɧɟɧɧɵɣ�ɜɵɲɟ� ɚɧɚɥɢɡ�ɩɨɡɜɨɥɹɟɬ� ɩɨɫɬɚɜɢɬɶ� ɡɚɞɚɱɭ�ɢɫ-
ɫɥɟɞɨɜɚɧɢɹ� ɤɨɦɛɢɧɢɪɨɜɚɧɧɵɯ� ɩɪɨɰɟɫɫɨɜ� ɩɟɪɟɧɨɫɚ 
ɤɨɦɩɨɧɟɧɬɨɜ�ɢɡ�ɜɫɟɯ�ɷɥɟɦɟɧɬɨɜ�ɪɚɫɬɢɬɟɥɶɧɨɝɨ�ɫɵɪɶɹ. 
ȼɵɞɟɥɟɧɵ� ɜɨɡɦɨɠɧɵɟ� ɦɟɯɚɧɢɡɦɵ� ɩɪɨɰɟɫɫɨɜ� ɩɟɪɟɧɨ-
ɫɚ, ɪɚɫɫɦɨɬɪɟɧɵ�ɪɟɠɢɦɵ�ɢ�ɫɬɚɞɢɢ�ɩɪɨɰɟɫɫɨɜ�ɜ�ɫɢɫɬɟ-
ɦɟ «ɨɛɴɟɦ� ɤɥɟɬɤɢ – ɨɛɨɥɨɱɤɚ – ɦɟɠɤɥɟɬɨɱɧɨɟ� ɩɪɨ-
ɫɬɪɚɧɫɬɜɨ - ɫɪɟɞɚ». Ɋɟɡɭɥɶɬɚɬɵ� ɚɧɚɥɢɡɚ� ɫɜɟɞɟɧɵ� ɜ 
ɬɚɛɥ.3. ɇɚɭɱɧɵɟ�ɝɢɩɨɬɟɡɵ�ɩɨɞɬɜɟɪɠɞɟɧɵ�ɧɚ�ɩɪɚɤɬɢɤɟ. 
ȼ� ɭɫɥɨɜɢɹɯ� ɤɨɧɶɹɱɧɨɝɨ� ɩɪɨɢɡɜɨɞɫɬɜɚ� ɩɪɨɲɥɢ� ɢɫɩɵ-
ɬɚɧɢɹ�ɷɤɫɬɪɚɤɬɨɪɚ�ɫ�ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɵɦ�ɢɧɬɟɧɫɢɮɢɤɚ-
ɬɨɪɨɦ. ȼ�ɪɚɡɥɢɱɧɵɯ�ɪɟɠɢɦɚɯ�ɷɤɫɩɥɭɚɬɚɰɢɢ�ɢɧɬɟɧɫɢɜ-
ɧɨɫɬɶ� ɦɚɫɫɨɩɟɪɟɧɨɫɚ� ɜɨɡɪɚɫɬɚɥɚ� ɜ� ɞɟɫɹɬɤɢ� ɢ� ɬɵɫɹɱɢ 
ɪɚɡ. Ⱦɟɝɭɫɬɚɬɨɪɵ� ɨɬɦɟɬɢɥɢ�ɩɨɥɨɠɢɬɟɥɶɧɵɟ�ɫɬɪɭɤɬɭɪ-
ɧɵɟ�ɢɡɦɟɧɟɧɢɹ� ɜ�ɩɪɨɞɭɤɬɟ, ɜ�ɩɟɪɜɭɸ� ɨɱɟɪɟɞɶ� ɚɪɨɦɚ-
ɬɢɱɟɫɤɢɯ� ɤɨɦɩɨɧɟɧɬɨɜ. ɉɨɹɜɥɹɟɬɫɹ� ɜɨɡɦɨɠɧɨɫɬɶ� ɧɚ 
ɧɚɧɨɦɚɫɲɬɚɛɧɨɦ�ɭɪɨɜɧɟ�ɫɬɪɨɢɬɶ�ɛɭɤɟɬ�ɤɨɧɶɹɱɧɨɝɨ 

Ɍɚɛɥɢɰɚ 3  
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ɩɨɞɜɨɞɟ�ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɣ�ɷɧɟɪɝɢɢ 
ɗɥɟɦɟɧɬɵ  
ɫɵɪɶɹ 

Ɋɟɠɢɦ�ɢ�ɦɟɯɚɧɢɡɦ�ɩɪɨɰɟɫɫɚ ɋɬɚɞɢɢ ɩɪɨɰɟɫɫɨɜ  

 
Ɇɟɠɤɥɟɬɨɱɧɨɟ 
ɩɪɨɫɬɪɚɧɫɬɜɨ 

 
Ɇɚɫɫɨɩɟɪɟɧɨɫ� ɩɪɢ� ɷɤɫɬɪɚɝɢɪɨɜɚɧɢɢ� ɡɚ 
ɫɱɟɬ�ɞɢɮɮɭɡɢɨɧɧɵɯ�ɦɟɯɚɧɢɡɦɨɜ 

1)ɉɨɫɬɭɩɥɟɧɢɟ�ɷɤɫɬɪɚɝɟɧɬɚ�ɜ�ɤɚɧɚɥɵ; 
2)Ⱦɢɮɮɭɡɢɹ� ɪɚɫɬɜɨɪɢɦɵɯ� ɜɟɳɟɫɬɜ� ɜ� ɫɬɟɫɧɟɧ-
ɧɵɯ�ɭɫɥɨɜɢɹɯ�ɤɚɩɢɥɥɹɪɚ; 
3)Ʉɨɧɜɟɤɬɢɜɧɚɹ�ɞɢɮɮɭɡɢɹ� ɨɬ�ɝɪɚɧɢɰɵ�ɪɚɡɞɟɥɚ 
ɜ�ɫɪɟɞɭ 

 
Ɇɟɠɤɥɟɬɨɱɧɨɟ 
ɩɪɨɫɬɪɚɧɫɬɜɨ 

Ɇɚɫɫɨɩɟɪɟɧɨɫ� ɪɚɫɬɜɨɪɢɦɵɯ� ɢ� ɧɟɪɚɫɬɜɨ-
ɪɢɦɵɯ�ɤɨɦɩɨɧɟɧɬɨɜ�ɢɡ�ɤɚɧɚɥɨɜ�ɜ�ɫɪɟɞɭ�ɡɚ 
ɫɱɟɬ�ɢɧɟɪɰɢɨɧɧɵɯ�ɫɢɥ 

1)Ɏɨɪɦɢɪɨɜɚɧɢɟ�ɰɟɧɬɪɚ�ɩɚɪɨɨɛɪɚɡɨɜɚɧɢɹ; 
2)Ɋɨɫɬ�ɞɚɜɥɟɧɢɹ�ɜ�ɤɚɧɚɥɟ; 
3)ȼɵɛɪɨɫ�ɤɨɦɩɨɧɟɧɬɨɜ�ɢɡ�ɤɚɧɚɥɨɜ�ɜ�ɫɪɟɞɭ 

 
 

Ɉɛɴɟɦ�ɤɥɟɬɤɢ 

Ʉɨɦɛɢɧɢɪɨɜɚɧɧɨɟ� ɷɧɟɪɝɟɬɢɱɟɫɤɨɟ, ɮɢɥɶ-
ɬɪɚɰɢɨɧɧɨɟ�ɢ�ɞɢɮɮɭɡɢɨɧɧɨɟ�ɜɨɡɞɟɣɫɬɜɢɟ 
ɧɚ� ɫɨɞɟɪɠɢɦɨɟ� ɤɥɟɬɤɢ, ɦɟɯɚɧɢɱɟɫɤɨɟ 
ɜɨɡɞɟɣɫɬɜɢɟ�ɧɚ�ɦɟɦɛɪɚɧɭ�ɤɥɟɬɤɢ 

1)Ɏɨɪɦɢɪɨɜɚɧɢɟ�ɰɟɧɬɪɚ�ɩɚɪɨɨɛɪɚɡɨɜɚɧɢɹ; 
2)Ɋɨɫɬ�ɞɚɜɥɟɧɢɹ�ɜ�ɤɥɟɬɤɟ, ɭɜɟɥɢɱɟɧɢɟ�ɟɟ�ɨɛɴɟ-
ɦɚ; 
3)ɉɟɪɟɯɨɞ� ɤɨɦɩɨɧɟɧɬɨɜ� ɢɡ� ɨɛɴɟɦɚ� ɤɥɟɬɤɢ� ɜ 
ɦɟɠɤɥɟɬɨɱɧɨɟ�ɩɪɨɫɬɪɚɧɫɬɜɨ 

 
Ɉɛɨɥɨɱɤɚ 
ɤɥɟɬɤɢ 

 
Ⱦɟɮɨɪɦɚɰɢɹ�ɨɛɨɥɨɱɤɢ�ɤɥɟɬɤɢ�ɡɚ�ɫɱɟɬ�ɫɢɥ 
ɜɧɭɬɪɟɧɧɟɝɨ�ɞɚɜɥɟɧɢɹ 

1)ɉɨɜɵɲɟɧɢɟ� ɫɬɟɩɟɧɢ� ɧɚɩɪɹɠɟɧɧɨɝɨ� ɫɨɫɬɨɹ-
ɧɢɹ�ɦɟɦɛɪɚɧɵ�ɤɥɟɬɤɢ; 
2)ɍɜɟɥɢɱɟɧɢɟ� ɞɢɚɦɟɬɪɨɜ� ɩɪɨɧɢɰɚɟɦɵɯ� ɤɚɧɚ-
ɥɨɜ�ɦɟɦɛɪɚɧɵ; 
3)Ɋɚɡɪɵɜ�ɦɟɦɛɪɚɧɵ 
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ɫɩɢɪɬɚ. ȼ� ɬɟɯɧɨɥɨɝɢɢ� ɤɨɮɟ� ɫɬɟɩɟɧɶ� ɢɡɜɥɟɱɟɧɢɹ� ɤɨɦ-
ɩɨɧɟɧɬɨɜ�ɢɡ�ɡɟɪɟɧ�ɩɨɜɵɲɚɟɬɫɹ�ɧɚ 15%. Ɉɛɟɫɩɟɱɢɜɚɟɬ-
ɫɹ� ɚɬɦɨɫɮɟɪɧɨɟ� ɞɚɜɥɟɧɢɟ� ɜ� ɚɩɩɚɪɚɬɟ, ɬɟɦɩɟɪɚɬɭɪɚ 
ɩɪɨɰɟɫɫɚ� ɧɟ� ɜɵɲɟ 1000ɋ. ɗɧɟɪɝɟɬɢɱɟɫɤɢɟ� ɡɚɬɪɚɬɵ 
ɫɧɢɠɚɸɬɫɹ� ɧɚ 50%. Ɉɩɵɬɧɵɟ� ɨɛɪɚɡɰɵ� ɪɚɫɬɜɨɪɢɦɨɝɨ 
ɠɢɞɤɨɝɨ 60% ɤɨɧɰɟɧɬɪɚɬɚ� ɤɨɮɟ «ɀɂɄɈ» ɢɦɟɸɬ� ɜɵ-
ɫɨɤɢɟ�ɜɤɭɫɨɜɵɟ�ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ [1]. 

ɂɫɩɨɥɶɡɨɜɚɧɢɟ� ɧɚɧɨɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ� ɩɨɞɯɨɞɨɜ 
ɩɨɡɜɨɥɢɥɨ� ɩɨɥɭɱɢɬɶ� ɱɢɫɬɭɸ� ɜɨɞɭ� ɫ� ɫɨɞɟɪɠɚɧɢɟɦ� ɫɨ-
ɥɟɣ� ɦɟɧɟɟ 4ɦɝ�ɤɝ [16, 17], ɷɤɨɥɨɝɢɱɟɫɤɢ� ɱɢɫɬɵɣ� ɤɨɧ-
ɰɟɧɬɪɚɬ� ɠɢɞɤɨɝɨ� ɞɵɦɚ� ɢ� ɦɚɫɥɚ [13]. Ɋɚɫɫɦɨɬɪɟɧɧɵɟ 
ɦɟɯɚɧɢɡɦɵ� ɫɩɨɫɨɛɧɵ� ɫɭɳɟɫɬɜɟɧɧɨ� ɢɧɬɟɧɫɢɮɢɰɢɪɨ-
ɜɚɬɶ�ɩɪɨɰɟɫɫɵ�ɚɤɬɢɜɚɰɢɢ�ɫɵɪɶɹ, ɚɤɬɢɜɚɰɢɢ�ɢ�ɢɧɚɤɬɢ-
ɜɚɰɢɢ�ɦɢɤɪɨɨɪɝɚɧɢɡɦɨɜ [13, 14].  

ȼɵɜɨɞɵ. ɉɪɢ�ɷɤɫɬɪɚɝɢɪɨɜɚɧɢɢ�ɜ�ɭɫɥɨɜɢɹɯ�ɷɥɟɤ-
ɬɪɨɦɚɝɧɢɬɧɨɝɨ�ɩɨɥɹ  ɜɨɡɦɨɠɧɨ�ɜɨɡɧɢɤɧɨɜɟɧɢɟ�ɫɩɟɰɢ-
ɮɢɱɧɨɝɨ� ɩɨɬɨɤɚ� ɢɡ� ɦɟɠɤɥɟɬɨɱɧɨɝɨ� ɩɪɨɫɬɪɚɧɫɬɜɚ� ɧɟ-
ɪɚɫɬɜɨɪɢɦɵɯ� ɷɤɫɬɪɚɝɟɧɬɨɦ� ɤɨɦɩɨɧɟɧɬɨɜ. Ɍɚɤɨɣ� ɷɮ-

ɮɟɤɬ�ɨɛɧɚɪɭɠɟɧ�ɜɩɟɪɜɵɟ�ɢ�ɟɦɭ�ɞɚɧɨ�ɧɚɡɜɚɧɢɟ «ɦɟɯɚ-
ɧɨɞɢɮɮɭɡɢɨɧɧɵɣ�ɷɮɮɟɤɬ�ɩɪɢ�ɛɟɡɝɪɚɞɢɟɧɬɧɨɦ�ɜɨɥɧɨ-
ɜɨɦ�ɩɨɞɜɨɞɟ�ɷɧɟɪɝɢɢ�ɤ�ɩɨɥɹɪɧɵɦ�ɦɨɥɟɤɭɥɚɦ�ɷɥɟɤɬɪɨ-
ɦɚɝɧɢɬɧɵɦ� ɩɨɥɟɦ». Ⱦɥɹ� ɢɧɢɰɢɢɪɨɜɚɧɢɹ� ɦɟɯɚɧɨɞɢɮ-
ɮɭɡɢɨɧɧɨɝɨ� ɷɮɮɟɤɬɚ� ɩɪɢ� ɷɤɫɬɪɚɝɢɪɨɜɚɧɢɢ� ɬɪɟɛɭɟɬɫɹ 
ɱɟɬɤɨɟ� ɫɨɝɥɚɫɨɜɚɧɢɢ� ɫɬɪɭɤɬɭɪɧɵɯ� ɯɚɪɚɤɬɟɪɢɫɬɢɤ� ɫɵ-
ɪɶɹ, ɨɫɨɛɟɧɧɨɫɬɟɣ�ɷɤɫɬɪɚɝɟɧɬɚ�ɢ�ɩɚɪɚɦɟɬɪɨɜ�ɷɥɟɤɬɪɨ-
ɦɚɝɧɢɬɧɨɝɨ� ɩɨɥɹ. Ɋɟɡɭɥɶɬɚɬɨɦ� ɨɪɝɚɧɢɡɚɰɢɢ� ɬɚɤɢɯ 
ɩɪɨɰɟɫɫɨɜ� ɦɨɠɟɬ� ɛɵɬɶ: ɩɨɜɵɲɟɧɢɟ� ɜɵɯɨɞɚ� ɰɟɥɟɜɵɯ 
ɤɨɦɩɨɧɟɧɬɨɜ, ɩɟɪɟɯɨɞ�ɜ�ɪɚɫɬɜɨɪ�ɰɟɧɧɵɯ�ɤɨɦɩɨɧɟɧɬɨɜ, 
ɤɨɬɨɪɵɟ� ɧɟ� ɢɡɜɥɟɤɚɥɢɫɶ� ɬɪɚɞɢɰɢɨɧɧɵɦɢ� ɦɟɬɨɞɚɦɢ 
�ɚɪɨɦɚɬɢɱɟɫɤɢɯ� ɤɨɦɩɥɟɤɫɨɜ, ɤɨɦɩɨɧɟɧɬɨɜ� ɜɤɭɫɚ� ɢ 
ɩɪ.). Ɉɬɤɪɵɜɚɸɬɫɹ� ɧɨɜɵɟ� ɜɨɡɦɨɠɧɨɫɬɢ� ɞɥɹ� ɫɨɡɞɚɧɢɹ 
ɬɟɯɧɨɥɨɝɢɣ�ɤɨɮɟ, ɤɨɧɶɹɤɨɜ, ɪɚɫɬɢɬɟɥɶɧɵɯ�ɦɚɫɟɥ, ɷɤɫ-
ɬɪɚɤɬɨɜ�ɫ�ɩɨɜɵɲɟɧɧɵɦ�ɫɨɞɟɪɠɚɧɢɟɦ�ɰɟɥɟɜɵɯ�ɤɨɦɩɨ-
ɧɟɧɬɨɜ�ɢ�ɩɪɢ�ɨɳɭɬɢɦɨɦ�ɫɧɢɠɟɧɢɢ�ɷɧɟɪɝɟɬɢɱɟɫɤɢɯ�ɡɚ-
ɬɪɚɬ. 
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ɍȾɄ 547.458-044.963:[664.853.046:634.11] 

ɋɌɈɊɈɀɍɄ�ȼ�Ɇ. ɤɚɧɞ. ɬɟɯɧ. ɧɚɭɤ., ɞɨɰɟɧɬ, ɋȺɉɈɀɇȱɄɈȼȺ�ɇ�ɘ. ɚɫɢɫɬɟɧɬ  
Ɉɞɟɫɶɤɚ�ɧɚɰɿɨɧɚɥɶɧɚ�ɚɤɚɞɟɦɿɹ�ɯɚɪɱɨɜɢɯ�ɬɟɯɧɨɥɨɝɿɣ 

ɁȺɄɈɇɈɆȱɊɇɈɋɌȱ�ɌȿɊɆȱɑɇɈȲ�ȾȿɋɌɊɍɄɐȱȲ�ɉȿɄɌɂɇɈȼɂɏ�ɊȿɑɈȼɂɇ�əȻɅɍɄ 
ȼ�ɪɨɛɨɬɿ�ɞɨɫɥɿɞɠɟɧɨ�ɜɩɥɢɜ�ɬɟɦɩɟɪɚɬɭɪɢ, ɬɪɢɜɚɥɨɫɬɿ�ɨɛɪɨɛɤɢ 

ɬɚ�ɪɇ�ɧɚ�ɲɜɢɞɤɿɫɬɶ�ɪɨɡɳɟɩɥɟɧɧɹ�ɩɪɨɬɨɩɟɤɬɢɧɭ. ȼɢɡɧɚɱɟɧɨ�ɤɿɧɟɬɢ-
ɱɧɿ�ɤɨɧɫɬɚɧɬɢ (D) ɬɚ�ɪɨɡɪɚɯɨɜɚɧɨ�ɤɨɧɫɬɚɧɬɢ�ɲɜɢɞɤɨɫɬɿ�ɪɭɣɧɭɜɚɧɧɹ 
ɩɪɨɬɨɩɟɤɬɢɧɭ� ɹɛɥɭɤ (Ʉ). Ɉɞɟɪɠɚɧɿ� ɡɚɤɨɧɨɦɿɪɧɨɫɬɿ� ɬɟɪɦɿɱɧɨʀ� ɞɟ-
ɫɬɪɭɤɰɿʀ� ɞɨɡɜɨɥɹɸɬɶ� ɪɟɝɭɥɸɜɚɬɢ� ɫɩɿɜɜɿɞɧɨɲɟɧɧɹ� ɪɨɡɱɢɧɧɢɯ� ɿ� ɧɟ-
ɪɨɡɱɢɧɧɢɯ�ɩɟɤɬɢɧɨɜɢɯ�ɪɟɱɨɜɢɧ�ɭ�ɩɟɤɬɢɧɨɜɦɿɫɧɢɯ�ɧɚɩɿɜɮɚɛɪɢɤɚɬɚɯ, 
ɪɟɝɭɥɸɸɱɢ�ɩɪɨɰɟɫɢ�ɫɬɪɭɤɬɭɪɨɭɬɜɨɪɸɜɚɧɧɹ�ɬɚ�ɫɬɚɛɿɥɶɧɨɫɬɿ�ɤɨɧɫɢɫ-
ɬɟɧɰɿʀ�ɪɿɡɧɢɯ�ɯɚɪɱɨɜɢɯ�ɩɪɨɞɭɤɬɿɜ. 

Ʉɥɸɱɨɜɿ� ɫɥɨɜɚ: ɩɪɨɬɨɩɟɤɬɢɧ, ɩɟɤɬɢɧ, ɬɟɪɦɿɱɧɚ� ɞɟɫɬɪɭɤɰɿɹ, 
ɤɨɧɫɬɚɧɬɢ. 

There has been calculated the kinetic constant of the fracture ve-
locity of apple protopectin from the processing conditions, namely the 
temperature and the pH. The regularities of thermal destruction can be 
used for controlling the ratio of soluble and insoluble pectin in the prod-
uct. 

Keywords: properties, pectin, thermal degradation, constants. 

Ɍɟɪɦɿɱɧɚ� ɨɛɪɨɛɤɚ – ɧɟɜɿɞ¶ɽɦɧɚ� ɫɤɥɚɞɨɜɚ� ɛɭɞɶ-
ɹɤɨʀ�ɬɟɯɧɨɥɨɝɿʀ�ɜɢɪɨɛɧɢɰɬɜɚ�ɤɨɧɫɟɪɜɨɜɚɧɢɯ�ɩɪɨɞɭɤɬɿɜ 
- ɰɟ�ɩɨɩɟɪɟɞɧɹ�ɬɟɩɥɨɜɚ� ɨɛɪɨɛɤɚ�ɫɢɪɨɜɢɧɢ, ɫɬɟɪɢɥɿɡɚ-
ɰɿɹ (ɩɚɫɬɟɪɢɡɚɰɿɹ). ɉɨɪɹɞ� ɡ� ɛɟɡɭɦɨɜɧɢɦɢ� ɩɟɪɟɜɚɝɚɦɢ 
ɬɟɪɦɿɱɧɨʀ�ɨɛɪɨɛɤɢ, ɬɚɤɢɦɢ�ɹɤ�ɪɨɡɦ¶ɹɤɲɟɧɧɹ�ɬɤɚɧɢɧɢ, 
ɧɚɞɚɧɧɹ�ɟɥɚɫɬɢɱɧɨɫɬɿ�ɫɢɪɨɜɢɧɿ, ɜɢɞɚɥɟɧɧɹ�ɩɨɜɿɬɪɿ, ɿɧ-
ɚɤɬɢɜɚɰɿɹ� ɮɟɪɦɟɧɬɿɜ, ɡɚɛɟɡɩɟɱɟɧɧɹ� ɦɿɤɪɨɛɿɨɥɨɝɿɱɧɨʀ 

ɛɟɡɩɟɤɢ� ɝɨɬɨɜɨɝɨ� ɩɪɨɞɭɤɬɭ� ɬɚ� ɣɨɝɨ� ɫɬɚɛɿɥɶɧɿɫɬɶ� ɩɪɢ 
ɧɚɫɬɭɩɧɨɦɭ� ɡɛɟɪɿɝɚɧɧɿ, ɽ� ɣ� ɪɹɞ� ɫɭɬɬɽɜɢɯ� ɧɟɞɨɥɿɤɿɜ. 
Ɍɟɩɥɨɜɚ� ɨɛɪɨɛɤɚ� ɜɢɤɥɢɤɚɽ� ɧɟɦɢɧɭɱɟ� ɡɧɢɠɟɧɧɹ� ɨɪɝɚ-
ɧɨɥɟɩɬɢɱɧɢɯ� ɜɥɚɫɬɢɜɨɫɬɟɣ� ɬɚ� ɯɚɪɱɨɜɨʀ� ɰɿɧɧɨɫɬɿ� ɝɨɬɨ-
ɜɨɝɨ�ɩɪɨɞɭɤɬɭ. 

Ɂɦɿɧɚ�ɨɤɪɟɦɢɯ�ɩɨɤɚɡɧɢɤɿɜ,  ɹɤɚ�ɦɚɽ�ɦɿɫɰɟ�ɩɿɞ�ɞɿ-
ɽɸ� ɬɟɩɥɚ, ɛɭɜɚɽ� ɪɿɡɧɨɸ� ɜ� ɡɚɥɟɠɧɨɫɬɿ� ɜɿɞ� ɫɢɪɨɜɢɧɢ 
�ɩɪɨɞɭɤɬɭ). 

əɛɥɭɤɚ� ɲɢɪɨɤɨ� ɜɢɤɨɪɢɫɬɨɜɭɸɬɶɫɹ� ɞɥɹ� ɩɪɨɦɢɫ-
ɥɨɜɨʀ�ɩɟɪɟɪɨɛɤɢ�ɧɚ�ɬɟɪɢɬɨɪɿʀ�ɍɤɪɚʀɧɢ. Ɂɨɤɪɟɦɚ, ɡ�ɧɢɯ 
ɜɢɝɨɬɨɜɥɹɸɬɶ�ɫɨɤɢ�ɡ�ɦ¶ɹɤɨɬɬɸ, ɧɟɤɬɚɪɢ, ɫɨɭɫɢ, ɩɚɫɬɢ, 
ɩɨɜɢɞɥɚ� ɬɚ� ɞɠɟɦɢ, ɩɸɪɟ�ɧɚɩɿɜɮɚɛɪɢɤɚɬɢ, ɩɪɨɞɭɤɬɢ 
ɞɥɹ� ɞɢɬɹɱɨɝɨ� ɬɚ� ɥɿɤɭɜɚɥɶɧɨ�ɩɪɨɮɿɥɚɤɬɢɱɧɨɝɨ� ɯɚɪɱɭ-
ɜɚɧɧɹ. Ɍɪɚɞɢɰɿɣɧɿ�ɬɟɯɧɨɥɨɝɿʀ�ɜɢɪɨɛɧɢɰɬɜɚ�ɰɢɯ�ɩɪɨɞɭ-
ɤɬɿɜ� ɩɟɪɟɞɛɚɱɚɸɬɶ� ɨɛɨɜ¶ɹɡɤɨɜɭ� ɩɨɩɟɪɟɞɧɸ� ɬɟɩɥɨɜɭ 
ɨɛɪɨɛɤɭ� ɫɢɪɨɜɢɧɢ� ɩɪɢ� ɬɟɦɩɟɪɚɬɭɪɿ 95 ± 2 °ɋ� ɜɩɪɨ-
ɞɨɜɠ 5…15 ɯɜ, ɩɪɢ� ɹɤɿɣ� ɫɩɨɫɬɟɪɿɝɚɽɬɶɫɹ� ɞɟɫɬɪɭɤɰɿɹ 
ɩɟɤɬɢɧɨɜɢɯ� ɪɟɱɨɜɢɧ� ɹɛɥɭɤ, ɳɨ� ɜɟɞɟ� ɞɨ� ɪɭɣɧɭɜɚɧɧɹ 
ɧɟɪɨɡɱɢɧɧɢɯ� ɮɨɪɦ� ɩɟɤɬɢɧɭ, ɡɛɿɥɶɲɟɧɧɹ� ɪɨɡɱɢɧɧɢɯ 
ɩɨɥɿɫɚɯɚɪɢɞɿɜ�ɿ, ɜɿɞɩɨɜɿɞɧɨ, ɞɨ�ɩɿɞɜɢɳɟɧɧɹ�ɜ¶ɹɡɤɨɫɬɿ  
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